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Fersword

The present repert, which {a preliminary in maturs, lg based op &
*f4{rat. look¥ at spme of the mmsen factop aspects of the combinsd Ay
alrvrait eperater-—olething——equipasni--airorait eysted. Only a few of
the mltitnds of interralated problsms could bs examinsd In this study.
A more erhaustive atimck 13 required to provide an sdeguste definiilon
of all the problems of tha aystem.

The present study was & coopsrablve venturs with personps) partici-
pation by the Trensportation (orps, US Amy Aviation Board CORAHC, end
tha Quartersantar Corps (who sssumed primary responeibility for the co-
ordination snd copdunt of the sindy). The cthor Techniossd fsrviess wars

contacted and some expressed intersst Imt wore unable to sssign psrsonusl
to the teasm,

AUSTIN HENSCHEL, Ph.D.

Chief

Environsental Protection Researc
Dvision .
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Introduction

1.1  Of all the tasis man has learned to psrfors, that of flying sn
asiroraft probably com2a ths clogest fo demsnding the limit of his pev-
feimance capabilities. Becanse of Lhis, careful censidaration Emst ba
given to any changs in ths ppformance reyuirsssut® of an aviator. The
aviater's job requires that he spsnd long pariads of tl== m=piloring ths
perfermancs of his aircraft. In e.ddition, at certain times bhe mant re-
ceive, interpret, and mot on information rapidly and in waye demending
maximum uge of his capabilitles. If thess primary Sesk remire=cgbs ars
coupled with the atressee of combat it becomés evidenit thai anyihing sdded

te this eywtem of aparatsr, aircraflt, and iil:.uary envirensant mRifl
deu,"-‘z_!en_t_wa_hlg facildtste svarall perfermsnce of vEo gywee=. — 0 T T T

»

1.2 In erder te maks decisiens en the advisability eof previding additisnal
items of equipment fer the Ammy aviater, At was necessary te obtain as mach
infermatien as pesgibles regarding preblems invelved. It is the purpess ef
this study te identify the human engirisering preblems asseciated with the
design ef persensl equipage in terms of safety, cempatibility between the
squipped pilet and the equipment he must eperste, and his epsrating emvir-
snwert .

1.3 As a greup, the numbsr of Army aviaters has increased greatly in pre-
pertien te the rest of the Army, and it appears that this grewth will cen-
tinue in the future. Concepts of future warfare emphasize the need fer
mobility in Army eperatiens, particularly within the thester ef eperatiens.
It is a geed estimate that a censiderable ameunt ef this mobility can be
ebtained by the use of Army fixed and retary wing aircraft. At the pressnt
time there is abeut ene Army aviater per ens lundred and elghty persens in
the Aray. As Army aircraft becems a mere cemwen wede of trecp transpertatien
1t can be anticipsted that this ratie will iacreesse,

1.4 The reperts frem Arxy aviaters, particularly these during ths Ksrean
tenflict, were that the items af néprsonsl gglu_'l_% -_:-:;115.- uwed by Ry
avisters in reutine flying were net adequate fer wse during cembat missiens.
Furthermers, as infermatien cencerning the hasards ia the avister's e.-:rirﬁn
ment was cempiled, it became evident that existing itess were net adequate
even for reutine flying. Frea this infermatien it was deterxined that the
Arey aviater needs additienal pretoctien frem twe hasards iu his envirenment;
ens, hasards during a crash, particularly te the head, and twe, hazards of
persenal injury duv te enemy fire. This investigatien was undertaken pri-
marily te study these twe hesards and with intent te censider ethers that may
ariess,
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Nethods

2.1 ‘The fellowlne seurase of infermebinn wave nead in condustios thes
ingestizstion:

1. Imtsiesied sbail agencies in the Depariment of tha frmy wewe
vielited,

2, Contracrt szenoies workisg an mobless of flight oedely sad
eragh protustion wers visited,

3. Orisntation f11ghin weps mads rossarch poracnnsl i E'u..!.aua' dard

operationel fixed and mtary wing niﬁm‘a of the U.8. Amey.

4., Tesearch tesk porsemnal attsudsd briefiige en present and futmre
concepts of empleyment of Arsmy aircraft.

5. ,P’_.llati with combat axperisnces were interviewed.
6. Pertinent technical reports were reviewed.
7. Other services and United Kingdom agencies were centacted (6).

2.2 The persens whe composed the team which cenducted this study are
assigned te the Quartermaster Eesearch and Enginssring Command, the Trans-
portation Research and Engineering Command, and the U.S., Army Aviaiion .
Board, . CONARC. The project was undsrtaken as a Joint effort. The skills
that nro represented on this team are: extensive experience in military
and civilian aﬂ.&uen, chemical engineering and plutio hud;ur dui@,
cppliod p-ycholo;y, el.thing design, :

E’ blgéu

3.1 Subjects for t.hs intorviw uction of thil _study were l.a Amy avia--
tors who were interviewed aboud their combat cxparhnau. Al tnru rated .

_Arwiw awlatans with sembsd . Nying sxpevivooe in World War II and/or in the -

tnmn éonflict.  The great majority had their combas experience in she
Ko 'ean conflict. Ssaw pllets whe had survived recent eraahf;a with Am
aircmﬂ Jure alse 1ut.orviovod .

3.2~ The ssmpling was epporiunistic since sufficient dats about the past
and present aviator pepulatisn was not available to previds ;n;r basis for
a bstter campling plan. In fact any representative sampling plan weuld

88111 be subject to the criticliesm of bias since critical data iz not avail-

able from thess who wore killed in action. The sample conzisted of many ef
those combat sxperienced Aray aviators present fcr duty at Fort Bsaning,
Georgia, and Fort Rucker, Alsbama, during Ssptezber 1957,

-
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Proguduras

4.1 The procedurss used to olbbaly intervisy dete fvom the Sesy avistors
are desoiriied Uemluw,. Wien be reporéed for tne imtevvisye, sath avister m
explained to him the nature of the subject matter for discassion, M was
inforzed that the team was invos*ﬂgating factors which shonld be e@ﬁ%wﬂ
in the domion of srash holsst aad émsi pobechbion. He wae Gesured Lhad '
wﬁs" ke sald during the irterviesw would bs hold 1in nomfideras and reporisd
snony=ously. During the initial nhases of the investigation the sublests!
responses to indtervisw guestions were ryeorded on 2 taps regordar; latsr
written records were maintained. Subjevls were asked a wmadber of questioms
to 1dentify when and where they hed exparlenced ccabet flying. Tley were
vhon asked & series of questions intsnded %o provoke remarcks ahout their -
coubat experiences and other subjlecis that thay falt were germsns 45 ths

topice of interesat. Quastions ware gsked by tesm ‘mawbmee 8z p agwa__?___ m_,_,__

appendix inoludes & fumsary of ths qwaviom askud.

Bemulis ,

5.1 Lach coobat opsvablien 238 Zuw own uistory and serigus’ bi..s el rewule
from sampling ’ nly certain phases af it. In order to dekdrmime now repreasnt-
ative the sampls was of the popnlabion from which it was obtainad the follow-
ing snalysis was performed. The péricd of hostilitles during the Korean con-
flict was divided intu quarters 4nd e w.lly glm to skoh quartér in which
each of the aviators interviawe: /#¢oried he had colbét oz'.mrienu. The re-
sults of this anslysis are preséntad’ m 'm//lo L. . 7. '

7.

TABLT’ fl'

rmmwmvmummmm DURING
EACH QUARTER OF THE KOREAN CONFLICT BASED ON 36 / VIATORS

Quarter of Year | JanWar __ Apr_dun __ Jul-Sep. - Dob-Det
Calendar Year o ‘

1950 1% 12 13
1951 T 15 15 6
1952 4 5 10 9
1953 10

10 gnn

# First Quarter gf Hostilities
##t1agt Quarter of Hostliities

r om—
P e
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5.2 It 1s to be woted im Table I thal the sample did mot conbaln an

equgl ugaber of §ilota present and flyimg in cosbas during esch guarter

of Lhe Ruiwan asibion, 1The mean pumber of respondsnis pev gearter (ezola-
sive of the first quarter of theetion) is 9.3. There is e reapre- -
sontation in the ssmple from %hﬁs@ pm;u sz of the eonfiict cccurting 4ol g
$he aymeap and £311 of 1950 aind Uhs winter, opring, apd sulawr of 1951 sad
mRinlsw repressabation from the late fall of 1981 amd tha wintsr and gpring
of 1952,

5.3 Of the 43 aviators reporting combat houra, 16 reporied comba® exper-

ience during World War II.  This oxperiancs was sestiersd es to bl ster and

Lype smd daies of aseignmsat. Two aviators could mm t.b!_m'

of combat hours. Thirty-six avistors reporded flyine in 2t in Sores,

and anly ene could not rscall the nushey of comhet b_,'_!:a g =g ;.5%;.._1.._- - —
total, the interview data represants a reported 17,610 combat hours with

4,880 hours 4n World War IT and 12,730 hours in Korwa. The average (arish-

metic moan) for World War II is 3!;.9 hours, and $hat for Horea 1s 364 howrs

per man, The overall meas is 359 hours per xan per conflict., All distri-

Cbublous are positdwelr sbkowed with =adian: clase to 300 hours. The greas~

est mumber of hourr reported for any individual in uv gliven eollliet was
500 houra; the least ten hours.

5., Anciber aspect of overall sampling is sn-' sample of airorsft that is
covarsd in the data. The number of pllots reporting combat omrioneo :I.n
sach of the seven Ammy airoraft is pruontod in Table II.

TABLE IT

n&gmﬂmmwpmsmgmcrm’shm.tmu?mm
GOMBAT EXPERIEWCE IN BACH OF SEVEN ARMY ATRCRAFT |

divoraft i) of s Be
L~k .- .15
L-5 ' , 19
L - 16 11
L 17 10
L-19 33
L - 20 5 o

“

Amor Protection: An analysis of the questions asked (ses appendix) per-
daining to protection from enssy fires is presented in Tahle IT and Figures

1, 2, and 3. In interpreting this dafia it mnct be remsmberaed that the pre-
vionsly mentioned biases and in &dditica those bl!weo due %0 khe galoetfmity
of respondont's memory ave pressnt.

SO .
.[. {eoate Al s diaiu

: g ‘x‘ —M-L Mﬂﬂl&.ull ﬂ.l'uli.::h.:ﬂ.;u.;ix.,.hlthn.;n.l.
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THE TIPED (F FIHES sHCOUNTEMID ASD HITY BECRIVED AS
REPORTED BY 43 ARMY AVIATCRS#

Firse Hite

Types of Fires Encountered _ Beeeived
Small Armges 66% 65%
Prageantationfss e B 268

¥ Tnoludes only those hits which wers sseslled by tvistors imtervicwsd.. . .

# Includes cingle round hits up to and including 51 celiber..
#etincludes all larger rounds capable of fragmsnbing or fragments thereof.
Percents reported are of pilots reporting fire unconntorad or hit re-

ceived vcomparsd to all interviewed.

5.6 Fires sncountered were defined as those fires which the aviator 1"-
ported as being directed at hia aircraft. Hits received are defined as
those which left evidence on his aircrafé. Small arms ass 0 ZncInds sin-
gle misaile rounds up to and including 51 caliber. Fragmentation includes
rounds of larger caliber and fragments from various. rounds uc].nding ‘both
anti-aircraft and artillery or moriar.

5.7 Figures l, 2, and 3 depict the location arnd, to somes extent, the dam-
zge received by the aircraft. Only those hits about which the aviator
could recall ensugh information o make an accurate plot are reco.i:d.
Thersfors, here again the selectivity of human memory is operating. Al-
though the aircraft depicted is of the L-19 type in a normal flight atti-
tude the actual hits were received on all of the previously mentiomed ficed

. wing aircraft types and the sircraft were frequently in s climb, bank or

dive attitude whun hit. Pigurs 1 depicts hits received st altitudss below
one thousand feet above the terrain, Again small arms are defined as wp to
and including 51 caliber rovnds. It is interesting that all of the hiss

peported for thie aliitude rangs including those upon which information was
t00 incomplete to permit. plotting were small arm hits. Figure 2 depicts '

those hits reported bstwassn 1,000 and 5,000 feet. Hors thsre is & mixture
of the types of fire received and the anslo of penetration of direct fire
18, as to be expscted, more nearly vertical. Figure 3 depicts hits at al-
titudes over 5,000 feet above the terrain. All of the hits depicted amd
reported at these altitudes are of the larger caliber anti-aircraft variety.
This is quite reagonable as this is a long distance for a rifle and beyond
the tracer burnout for larger machins guns.

received, Hovsver this relationship may not be a simple one. The character
of any armed conflioct changes as 1% develops. To mﬁsti.nia it iueh

5,8 Thus there seems to bs & relstionship between altitude and type of hit
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';g ALTITUDE CuiDER 1200 feet .
i
| FIGURE 1
! _ _ , : :
4; Figure 1 is o composite of ithe hits which were raported at altitudes below
| 1000 feei. The figure iillustrotes only those hits about whicth respondents -
could recall enough information to permit accurate plotting. GA 9 mm
vifle projectile entered here, came through the pilot's right hip and came

out his loft shoulder. Tha right leg was paralyzed.
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1000 -5C09 ft.

FIGURE 2 .
Figure 2 is a composite of the hits which were repoited between the.ahi:ludn
of 1000 and 5000 feet. The figure illustretes only those hits about which
respondents could re<all onovugh information to parmit accurate plotting.

A fragment from this hit injured the right forearm of the pilot. a‘ﬂﬂs his
took off 'hev right wing. The pilot and observer were both hit, the pilct on the
right side of the head, the obhserver in the face and head. Both occupants had
to parachute to salety. @ This hit caused the pilot 1o receive small
fragments in his hand and heel, the observar received about 40 small pieces
in his lower back. 6 This hit caused the pilet to be wounded in the laft

leg, ke lost consciousniess and the obrerver flew the reiurn mission.
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FIGURE 3

Figure 3 is a composite of the hits which were reported at ultitudes :ibove

TEE]

AT AL

X000 feet. The tigure illustrates only those hits about which respon-lents
could recall enough information to permit accurate platting . & From this

the observer was killed and the pilot wounded in the head and arm. The

pilot was forced to porachute to safety.




changes may have affscted the velationship betwsen altlbude and hite
first versue last half of conflict Lyps of aaslvsia uas sarfervad ea Lhe
hit and altituds dats, Thege hils reported by pllets ssrvine durdee the
firat filve quarters of the Korean conf’lct ars cesparsd t6 hits reporbsd
by pilete sarving during the last five quarters of that conllict. This

. data 18 p enented in Figure L.
5.9  The differenue in altltudia ab whieh pilote reporbed hite duvdas the
sarly and later perleds of the Koreen gonflict is presendsd im Flgure 4.
During the later period of the cenflict hits occurred at nighar altitudss,
The differences wers evalusted etatisticzlly with the Hana-Eniteas U Ter b,
The differerces were sigmificart heyond the .04 level. Howsvar, the fact
that no fragmsntation hits were repocted duriag the first peried ssa sasily

aircraft weapons bscass mors readlly avallabl. to the meay {er espley.mi
in forward areas as the Korean confiiocl progressed., Therefore, 1t 1s &
matter of question as te what are causes and what ars effects in this

thres way 1elationship of time, altituds and type ol hit received. However,
that there was a relaticnship betwsen altitude, regardless of the aviator's
reasons for chargling it and the type of hit recelved is quite apparent

from Figure 4, This information can be used in evaluating the avisicr's
reascns for selecting a particular altitude during a combat missica and
therefore be of help in determining the typs and extent of the hazard fer
which protection may be designed,

5,10 Ancther type of information that Is useful in detarminiag combat
hagerds 18 what types of field expedisnte have been used by Army avistors
to protect themselves ir past combai operations. Consideration of Lhese
factors may tend ¢o increase the acceptability of an end ites by giving
more assurance to the user that 1t ia accomplishing or will accompiish its
function. Of the 43 pilots who wers iuterviowed, 26 gave affirsative
anawers when asked if they had sver used any type of field expedient as
pretection from enemy fives (ses appsndix). All of the expedients menticned
were intended to give protection to the seat area. Three of the exeedients
meantlioned coverad floor arsa in addition to the sawd = Feurtesn indicalcd
they had used waterials from flak sults or armored vests and 12 had used
other materials, ranging from r.-: s of armor plate and stove lide e
sponge rubber, Following the .= 2 lius of questioning nine aviators made
comments gensrally favorable t.. » = otective vest and sight made comments
geie2ally unfavorable to the use 5 a protective vest., Eight avistors made
commsnts relevaut to the armoring of the individual or the aircoraft, four
advocatud wrmoring the aircraft, twe thought the armor should be em the
mar and two belisved there vas no reguirement te arior either the mea er
the aircrafi, In all cases the aviators expressed a concern aver the
welgzht of the proposed protection and the effsct of this weight on the
Wrcraft verformancs,

.

5.11 Tinally, hits to elither themselves. or pasasngers were reported to have

socurrad to nine nersons, The locationzef these hits ars pressatad in Tauls
IV. This table suffors from the unavailability eof data from eviatora killed im
9
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action., The desth roported wae of an observer riding wikh #ue of ibs
pllote interviewed., Peour 6f the nine pereois worv wam w wall il

- and five by frasmmante.

TARLE IV

~HE OPNFRAL LODATION ¢ INJURY TO EDEE
FERS0ES WOUKDED IN ARMY ATRCHAFT

Area of JEnirx Small Ares Pregmaie
B Huad i -
Upper Bxtremity 1 A
Thoracic Freat 1 - : o
Buttocks - - S e e e
Lower Extremity 3 3

Death 1

5.12 Crash Protectien: Another area that was mwtmtad a8 & sowrce of
hasard to the Army aviator was the crash enviromment. : The seope of thie -
investigation was limited to head protection. Howsver it mist be kept in
mind that any protection offered by a orash helmwt: typo of equipmért von-
stitutes enly a part of vhnt hu been termsd "cruh wrt&ﬂm"

5.13 Preliminary talks highlighted the head a2 Mi@ﬂlﬂy valmmuo
part of the anatomy during an airsraft orash and daring dhe inteivisws the
#ubject was pursusd further. Aviators were auked to state & preferénnce fer
srash or ballistic protection by answering a hypethetiocal question. The
question was; "If it wers nossible to make a haliwit that only protectsd you
from enemy fires or one that only protected frtm the hazardas ¢f & crash,
which would you prefer?" KEighty-five percent atwwered they would prefer
crash tc ballistic protection, 1) percent answered they preferred ballistic
to crash protection and four percent insissed that t.bty felt that thnrs wai
no need for a helmet for the Ammy amt.or

B B R R T e
.

5.1 The numbar of pilots interviewsd who had crash experience war rather
smsll, consisting of only four aviators, as tlis study group was primecily
interosted in getting combat infermation. No pattern of injury could be
established from these four reports. However, when larger mumbers of ac-
cidents are analysed a pattern of injury does emsrge.

5.15 The souvces of information furnishing dats on larger sasples eof air-
craft accidents are both secondary sources. Ons is the U.8. liwy Board for
Aviation Accident Research (1), the other is the Aviation Crash Injury He-
search of Cornell University (3).
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The divisien of tha head which was used in the sits of injury analysis

reporied in Table V.
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TARE V

THE PEBCEET OF A S4NHPLE OF 139 SEVIV(RS OF LIGHT FLAME (BaSss
HH) SUSTAINED HZAD INJURTES

953 Gonfidencs Li=its

2lte of Iajury TEmerved [vWECeRs lover Hpper
Uppeir Posterior [ 1 B

Upper Amtérior k% 32 57

Lower Pastsrior 10 5 1

Lowsr Anterior L2 28 83

Iype of Infury

Fracture 18 ) 8 __27

Concussion 37 25 49

Broken Neck 5 2 13

A report of the Cornell Aviation Crash Injury Besearch coatains ths infor-
mstion, that of 800 survivora of crashes in light aircraft, with sach sur-
vivor injured to some extent and with each having wornm & safety bel:, 88
percent sustained injuries to the head. The head is reported as the most
injured body area. The report also states that..."dsngerows head

are sustaived by mearly eighteen percent of survivors®...This informatiom
evoked snough interest so that the team made s separate amilysis of the re-
cords of the Crash Injury Research in am effort to locate the site of the
injury %o the head. An analysis of this data is presemted in Tablo V. The
four sites oa the head were determined arbitrarily by dividimg thc hesad as
1llustrated in Figure 5.

5.1é Aumryofhudinjnriu of Army personnel uwlndi.ncmhn-f
Army aircraft during the first two quarters of calender 1957 were analysed

‘in the same manner a¢ the Grash Injury Hesearch Dsta. Where sufficlest data ‘

was available to permit plotting, the proporticms compated for site of im-
Jury foll within the confidence linits given im Tahla V. - Tha rasords af the
U.S. Arsy Board for Aviation Accident Research reveal that during the first
two quarters of 1957, 69 persons were injured in Army aircraft, 43 receivimg
injuries to the head. During the ssme pariod there were 26 fatalit:lu, of -
thése fatalities 18 sustained head injur.ss. Autopsy reports indicabed that
two died ef head injuries aleme and indicated that im three other fatalities

the causs of death may have beem due to a head injury. Durimg this period
100 percent of the rotary wing occupants wio had shoulder harmess availablas
to them were wearing them whemn thoy crashed. Seventy-eight percemt of lhe
Tixed wing pilots who had shouldsr harnes: available were wearing their har-
ness when they crashed. BReporks imdicate that ohoulder harmess ars not *a-
stalled in &ll aircraft. In order to give & more general picture of the
situstion over & jonger time peried a mamery of Amy crash data for 19%
and the nmmrul‘)ﬂhm.anrm-n.r '

13
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7.5, ARY FYAED ABY BOTASY WIBG AIBCRAFT ACRYTESY BiY) B
1955 AMD PART O 1957 _

Husber of Hmbar of

Year Accldente  Injusies
Fixed Eing
1956 12 17 16 2
1957 12 27 19 2
Sub Total 2% A 35 1é
Bobary Wing
1956 17 26 16 5
1957 6 10 5 3
Sub Total 23 36 2 e
56 2Ann

Graxd Total 7 .- 80

¥ Through 21 Jums, 195? .
% 13 ocourred im mom<survivable cmhundllincruhu\'h:lehm

survivable if suitablc headgear had Leea wora (as ruported oy the U.S.
Army Board for Aviation Acﬁidmt Eoumh) -

5.17 Although a msed for hud protou’cion as such may be establishad, pro- -
tection is still a goneral crask worthimees prollem nu.ing for optimum
balance betwesn the aumtorintiu ol the airoﬂm the proteciion
provi&dthom L L

Py

fi‘

5.18 Molae Hauwswis: The nroblame of soise dm & milibge smcdio

vidu-m and proliu to Gecomd even uro mlicatod in ths !‘ttm &8
the equipmant that soidiers akel operete becomss more powsrfel.  Is this
mpsetuouwmiuarum%uomﬁhdwmonmmm -
wilque characteristics in his atousiical enviroameast. Botary wisg air-
craft prodably pressut ths grocier problem as far as asbient moise level
is comcermed.  Table VIII illustraies the overall souad level in uﬂrn
Army helicopters as obtained from sewersl secomdary sources.(2,:7).

5.19 As the dau were not all collected by the sawe orgunisaticns thsm is
Ro guaranies that the same methods were used, therefore ths dada should mob
be used as a comparison batweens aireraft bub oaly 4¢ illustrste the high
ove ‘moies level im all the aircralé sbwdind. ‘itiaulnofm«umi _
ththudmlphoi’th-niuotwamm plmstmpww ‘:md
L' vige :

nrsssnre lawel 28 fmn‘: b= Tanr IOHON "J_.l--‘ e W soond, Tis
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low &;d of the frsgﬁaa@ epa&t@ w!gsﬁ: am stles
Lie lewes wfieclive., Ths &oiss lsvels repoived m’iﬂ‘—é‘ et 556'%"" 2 i=3ss-

trial demayo risk eriterie which wers desveloped for ~wmasure fer ﬁg&i m
8- day.

TAKLE V1L : : ST

mmc&wmwmmﬁﬁﬁ
CARTHE (OF (CERTATN ABNY HELICOPTERS WHILE HNERTNS.

Sémdl’mm .

Adroruft Designsiice __E.&aé.h:}.s.
H - 13 118
H-19 S 120
H-21 108
H- 25 110
H =34 1ie

RE 0.002 Dynes/mm?

5.20 The faoct that temporary hearing losass cam resalt froa noise levels
sncountered in Army helicopters is indicated by the work of the Surgeom of -
the U.S. Army Aviatiom School (5). -In his study, which investigated noise

in the H-37 aireraft smd various msthods of atsemuation, the subjeative .
mothod was uged. Theve investigations indicats that an exposure of approx-.
inately thres hours Zn the. cargo deck of sa H-37 houcoptarwithmmd o
eurs can resalt in gemeralised awiitory fatigue wish a modereked decibel - ‘
loss. . The. investigation indicates that a "well fitted" crash haimet does =
mch to reduce this loss. However there i3 soma indication that this is- nois, '
an &ll or nothing type of problem.  That is, it may not bs desirable.to just -
impose all svailable.atieouation around the aviator's ears. All of the pa-
lotlwonmuadifth-yfoltthat twmdl.ircrm sounds in flying - -
indicated that they did wo. - They indicated that elimination of all lim!ﬁ
noises woulid be undeairable. They also indicated that there were times whem -
the avistor wanted to hear more of what guuoaabm h:lnnﬂcsher tm'
when he would want to hear lees. :

Discuspion
Ballistic Protection

6.0 Thota-mmabhtencmmmﬁthmchtom.a
mlmmmﬁaftbiemﬁﬁefiﬁiivhwﬁhﬁﬁﬁﬁiiﬁ‘un
sstimete of the effects of this fire for aay particular comflick.  This b
that. quantified. imformation on the ext ofthohaurdfae-dhthavh—
tors during combat which may be "against the cost in walght of .pes
sive protective devices against ememy fires cammot be preserted.: Tlnrct ro .
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amy discussion of protestive devines or armor ?ﬁ%@ﬁéﬁt&eﬁﬁiﬁ% ,
Linsant uson & meed foy sredeciins bhe avistar fras wmames Slves badme - =0

e e o g

sstabiishad upon oriteris otber then the isforcaticn sotbaland in Eés
repors.

6.1 The resulis in the ballistie protectien sesticn imdleats that a rals
ticaship existy betwesam aliitude and type of Rit recewived. Thais i.-i‘emiiu

mew ke of caosaddazabias pas du tamsncdes LB .—..&l...e.a?: Ses=srs 9: a&:-‘ :w P

eoaaida-a the fastors influemsing an svhtéi'i seluchion of aititwda, Comfin-
ing ths discusaion to the selection of altitude om a ecmbai® -:luion, the
faators involvad arer - ,

i. Pferformance enaract.ennucl ot the aiParm

2, Frevailing westher oconditions,
3. Terrais,

4. Nature of the mission,

5. Yeapons available to thw enemy.

6.2 The firat factor is fairly comstant although it is affected 40 some
degree by the second and third fastors. Zvery airoraft has limitations in
terms of its rate of ¢limb, speed, amd ceiling which are very gormans %5 &
pilot's altitude selectiom. These considerations -are affected by »eather im-
Ahat air density affects the performance of the ai.craft. Alase the terraim
affects altitude selection im comjunction with aircraft performamcs im Shad

the aviator wishes to be abls to clear obstacles with a margin of salety -

within the performance capablilities of his airoraft. \Weather inflwemces this
dscision im that visibility of the terrain will guide him in how waoh of &

safety factor he will demand to clear obstacles. The nature of She xiesiea, '

wsuaily resulis in preferences .for certain altitwdes. ' For exsmple, many eof -
the missions assigned 40 Army avistors have a surveillancs typ. mqmu. .

[ Y L 'IA.. Aol s ol el e -l . A
This meame thot dn ordsr 4566 sh-his EiSelon Ve EVIEVOY DNSU pELEG un

nusmmuwmhwmwamdmmmmu

8%e & large emough arsa at oRe time, %a%h-raadtemiaunaeaaethﬁ da-r‘

cision in that hoth ‘influence visibility.

6.3 Last but mot least, the weapoms availablas to the caemy hﬂm« this
altitude selection. The pilot will attempt to combime all other factors ud
alse try to £imd am altitude which will allow him %0 accomplish his missiea -

mm the enamies’ weapons are hut atfoctin. 7

6., Of Shess [ive factors it is asewmsd um during both the ur]: -nd Ms
paricds o? the Korsan conflict the first four, perfirmemss:of the aircrm,
prevailing weabher, terrain, aad the natwre 9!' the mission; veried more or -

less in a andon way within the ul- Mt- of puubnitin. ﬂnurm 1t

e A Bl mn Mo A .. AL

i assusd thal these factors did sysiemsbvicaily affect -aititude
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PSS FE .miltmumumwmrm'wm b ot iy a‘ﬂWMHHWWW‘F'HWWW{M&!ﬁh‘(ﬂﬂmm

gslsebion batrees the tiup perieds. Is 2mssssias ibe sole-ef $he S&ak - - -

factor, tha wearsae asedlshle to the emesme ¢he fallewdes consiasyatises
are relevent. S

i. During the Korean conflict, heavier anti-ajreraft mimeges b=

esms mors avallable te the emssy fov m:;.alay‘.«f.am 33 fui‘%ﬁi‘\’i areas Wiﬁg t&
latter paricd of the conflist.

2. Seall amms fire are m effective st lower alttt‘adaa asd %
anbi-sireraft fires srs mors sffective acaimst atr@m% uk "ig*::* ultit_-'“:..:

3., The aver .5- i Mu%uq-mrmummxormwm-

£1ict s highas- bhem -tn-bhe seriier-beify—— - - ——- e

6.5 Keeping these factors h mimd the qulthn is allwd “why did avhtem
increase their xission altitudes winn the ensmy had: nld.,.ahlc »ore lmuvy .
anti-aircraft weapons? Would it not seem loglcel that they wers ul«e%m
an altitude at which the enemies weapcus were more eifective? Or sdght it bﬁ
that as aviators became more aware of the losses imcurred through smuli Am
fires at lower altitudes, that as the enemy imcroased his musll arms ﬂm
he realised that these lew ilying airsraft were vilnerable to small arms-.

fires, that the aviators chose to Sake Lheir chances at higher altitudss with

tha heavier caliber weapons. Im the futurs, ths trend Sowsrds imcresssd uss.
of elecizoulc surveilimnco and electroric zuidamce and fire comtrel will
probably reverss these odds for the sviator amd force hix to select dtitmn
which . are quite low in order to get in the altitude ramge where eleciromis’
systems loze relisbility. It is concluded that this lower sltitude range
will st111l be au area where small axm fires will pﬂlm a eomidlr&ble le
ard tc the Army aviator. :

6.6 What ‘effect don this hwo on the tm of protcctin equimt th nvir-
ator will need? The major difference belween small atrws fires and fmmih
rounds, as far as the protective mqnirmnts m comcmd, ary: bis r&h ive

.!Ill'l‘l.ﬂ involwad. The small seme hewe mems kinsbis Susigy oo %5 Loy Ere mia

enlly of greater mass and ususlly have a velocity on impact wqual: o o
greater than fragmeuts.. To provide effective protection sgainst zmall BTIE

an armor of greater weight tham the light weight sxclusively tdéxtile ssmer is

required. For example armor to defeat 30 caliber ball amsumition at opsrs-
tional ranges is appmz;lutoly soven timea hsavier than the tuxtile swmoy
used agaimst fragmentc ocaly.. Armor for protection aguiest amall aris proba-
bly would best be a combinmatiom of textile materinls and/or msterials heving -
greater rigidity. Because of the nature of thess materials, i.e. their ri-
gidity and weight, it would mot be fessible to place the naberial om the

aviator's body. To dv ®o would intor!’ara with th- mvmntl of ttm &pcrator

to qnlto & larges extent.

6. 7 'rddns t.hau fnqtun iwhr msidcntion lﬂd aloo aouidnrm &.h-uuht

"t!t!‘_@{m. *“"‘ %tt#ﬂ of firss avvva-wl uh o4y GAREEY mublﬂ‘ iv t'l.

folt. that. bpl:lm:‘w protectior capshle of pratecti.xg from small amme fires

Boreim o mmm o e
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Por the bottea, back, and L0 soms ezbendb the sldes of tho body shoudd ba

mweyelmﬁeftgwﬁe%maﬁvﬁiame.ﬁ?ﬁﬁshw% o
{fle== in cushat,

Crash Protattion

e e e AW SR T e T T

.8 The rosuiis indicate that there is A real mesd o give grester g'eﬁ%——-
: tion o the avistoris head. Tt 42 balicved that therw sre i waye iR waded 3 =j
[ ) the fimdisgs of this report cen bholp I $hiv area. Is tha firsd mlass ow g

aﬁa;pueruuofmjezydgtammaﬁﬁ%%k&%fﬁq&iﬁi‘i

shertly aftsr o ermsh smd may ewovopt eea'.aaas';s—:“-— -pasips- Wiy avtieg— T T
which would prevent a rather minor crash frsa bDecoulag & more serious one,

8.8., ovacuation after water ditchings, svacuation before a fire occurs, eis.
Thervfore it is comcluded thas moro protection is mcmm-y fer the tmm
area.

A

injured arva. Froa isspsction existing helmshs do mot geem to provids ade- : %

: : geats pratectica fres i=pactime oblesis in faclal arsss. Althensh fhe Tewes ‘ G
. : face may sustain relatively greater damage than ths rest of $55 hsad wibthowd SR
‘ fatal results; such damage does reault iz 3 1555 of osmeciodeness during asd 4

, 6.9 A sacond application ef the multl of shis study of Mead hjm woald

i be to attempt to redzce the extent of hrainm damage. lhem $he humsn head s *
dacelerated in an airoraft orash two things may happen. Firsh the skull cam

be injured from the outride by impacting against objects. Mach researsh has ,

been done and is continving to be dons in thic area (4). Secondly, She bumsm »

head should not be conpidered as a solid object, but rather a fairly selid

case with a very semsitive organ fleating im i%. Therefore whon the head is

decelordted over a short period of tims ssrious damage cam occur imsids the

skull wiile the ocutside remains completely imtact. It is suggested therefore

that research om the effects of deceleration amd brain damage be investigated

to see if it 1is fesasidle %0 reduce this decelierabion during crashes fo limite

wher¢ damage will pot ocour. Such imrormatiom will furnish guidamce for ch- -

cisions ou whether such deceleration recuction is pessible Shrough helmst

desigm, the desisn of areas in the aircraft Likely to-be'ebruck by the hud,

fmwmhummuingdnﬂm o , : o )

o loilo stg-_g_s_

6.0 . mmuamiuMMuumtmaMrmnh-m
. ding sircrafi certaixly mesds some protectlon from the acousticel envircmmesst.
However, it is falt tbhat placing all thy available athemustion imto am Army

Aviator's helmet m=y mot be the solutioca te ihe problem. The fact that all of

the aviators asked lidicated that they wsed some auvditery referemce to fly
makes such aa Approsch guestiomable for the following reasem, Evem though the
present atate of teshmulogy would mot permit a complete dampeming of soumd at
ths aviator's ear, & helmes with attemmation charactaristics ihat would give

——
s e USSP o NI RS 028 e

aaximem availuble prosection im the moisiest of Army a.iurn:t, may vaduce S
listened to somnds in 2 lssz molsy sircraft o a poimt that mako the - N
~ aviator's task scre difficwld asd hazardous. It is'felt that an mwr e L

i
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this problem could ba fownd be aie of bhese weewesaies -~ Dmer gRmTTEE o™ 7T
an sualyele o dﬁemm 1F thars are wi&im& frequsaciss wiloh plists use
. apd what bhels lovels are fa di¥lepead siveraft. The sitemuation charaster-
igtice cowld Yhwn be baleuced agsised thess requ rmanbe.  Haeewer, Such
ressarch would be guite eoetly sad time domswifag. A sscond approsch womid
: be to provide & motdod of adjustsest of bho smowsd of sttesmiabic, or & by-
paes of atkenuation, whish the a¥istor may ses o edid his roquiremsats.
This adjustmsnt sould alve malé it-essier for him ¢ perform Al® ground role
witheut remﬁsghih Redassd . AthhwﬂdbeeMéc all pom--
#ible sttemuabion and see i¥ 12 affectz the flyisg peslusansce of aviators
rlying &11 wail:bls %ypas of wimft

’1
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6.11 Yhe aviators whe were liiterviswed were not restricted im the comments -
that they could make. FPor instance, many of thoe aviators were concermed a-
: bout the wsight of any proposed helmet. This is a problem that is recogmised
{ - by developers here amd im Great Hiritaim. However the weight of mm item is a
i difficult thing to quantify im an imperview, so mo specific development md-
] ance can ba given fiom the dabs edbtaiped. There are two aspects 40 the
i preblex. First there is the problem of total weight and sscomdly, the preblem
P of how this total weight is distributed. It is felt that ¥his problem csn
i best be answered by experime=tal studiss which would previde design enginmsers
quantified data relating we. it sud weight distributios te the performamce of
P, the wearer. Thus they would have a quamtified criterion agaimet which %o
: ouluata their du:l.pu _

6.12 In conjnnction with helut deiiga mest uv:l.ltou aJ.no hdicatod tm ‘where
) was a need for scae type of glars pretection device sych as a transparent eye
' shade which could be pulled down or pushed up. The aviators also felt that
' comsunication equipment should be imbegrated imto ehe headgear.

IR SR S I E 0

6.13 Pilets were asked how they fei} ths head gear should be isswed and almest
811 felt it shonld be i:gusd om & peTsvial issue basis. It should be moted
that some pilets felt that crash helset pretection was mot mecessary. Upom
g further qusstioning it was determined that those aviators wio felt that the
w0 helmets were not necessary alse felt that the head was much less wulmerable te
: crash injury tham the data would indicate. I% is felt therefer¢ that helmets
for aviators should be imtroduced with some type of training progrss.

6.1%4 In addition to these comments others wers made in more general aress.
Ssven of ths avlators imterviowsd made statomsnbe indicating that presest fly-
ing clothing is ipadequate. They indicated that it wax imsdequate as to
weight or protective cheracteristics and that the pockst plscement was mot
adequate for accessibility whem they are strappsd late ea alrcrait seat. Celd
- weabher requiremsnts were mtimd as a particular preblem. Twe obher items
of equipment were mentionsd thad are worthy ef particular mote. 052 was air-
oraft segts whichk were criticised as mol beimg comfortable eacugh amd ancther
was the insulated boot which was crigicized as mot having amough "fsel® to be

19
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& agccaptable part of flyims gear.
' Pacosssedatlons

1. That bhe probless ocutlimed im this repsrt Y m”gg@m aq @m...
helmet amd body arwor desim. :

2, That s=nll awen halildass protaciisa Lo doooraoiate

that may be developed for Sho Army avistor if She mesd fer proteution is
eatablished.

3. That the Arsy aircraft seat, resirsiming devices and avistor's

- =t 2 =

'wuig including his pmcmo agd survival kit, be iavesiigzbed as a

syshem o provide compatibiiity botwess the verieus lvesd v wquipmest, DOst

balance of arwmor mvioetion for persommel and emergy absorption dwring a
crash.

4. That head protection for aviatiom crashss bo develeped amd
Arxy aviators, such pretection %0 imclude a helmst desigsed for the Ammy

aviator. That the halmet designed previde protection te the facial ares te
an extent that will reduce cemcussion. :

5, That research be imitiated to determine the effects of oversll hesd-

gear weight and weight distribution em long ter performance of tasks sisdlar
to flyimg.

6. That rencarch be initiated om the effects of dtcolontioa en braim
damage and methods of absorbing impact emergy.
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% DITERVIRG GULDE FOU AVIATORS WIN OOMBAT EYPMwYewes
% i, Have you ey ewmeriores Fliyine Avew sivevaf®b &0 omm3E?
s &, W II ox Rewesy
E b. &% woll wers you with®
E Q. mmmmm'mm@%@s)
i G EaRy GaEtwl JaNbe did you fiyf
i _ .. &tmdmg«;mw
B 2. W you ever fired uwpom by ddw snesy? |0
' f a. Yhat types of fires did yuvu receive?
, X b. Vs year airoraft ever hit? (if so, doseribe hits)
§ s, Did you or any other coougant of yvar aireraft recelve my
; Idtsr (1f so, desaribe)
: d. hat, geasrally, wes your xissien altitudet :
| s. Hur high were you when you were hit? (wue altiteds abeve
g L. hommrwmw or 444 you weer hawve
¢ to xake ar vssrgmgy landing?t \hnm--vw
'§' of your plate injured as a result?
4 & wmmt:w attscked by ememy sirorafi? (12 so, deserine)
3 Inxmcuhtmﬂms,hanmmutﬂimwww ?
{ wits a3 protection againet enemy fire? %
? L. If it were possible te uake & helmet thet emly protected you from
O wM&mﬁ.tmmmmmaﬁaMda _ 2
erash, which woald you prefer? - L é
- " 5 Kmﬂumdmmudtmm&mmm ‘i
, G mmmum—tuw"-mmnmtm %

Other questicus ware asied which varisd with the interviswes's experisnse,

[ - —
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AFPERDIX
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1, wﬁfmmﬁwﬁwmmcwm
waverialas

é’a*ﬁféiﬂsﬂkﬁif]ﬂﬁi‘ﬁﬁ, ﬁtaﬁﬁﬁum%wm‘m
8 yeund hih the vort snd wes sbomemd,

hmwwpm.mwwaam,w.bmuﬁ_, A
Ve wed Alr Corps flak sulle wadsr ile newh pack pereshumts, E

T sat ont a fisk vost and hung «ww on the besk of the seat.

I wore a Murine Corps type vest and put ald enee om the bettem
oftumtmdmthmthck.

Imd&'mtypm,-ﬂmuu.

mwwmmwnmm»mmmmm
and adso on the seat back,

"I oat on a flak vest and & plece of sorup iren.

I wore « flak vest, sxd put cld cuss undsr the zsat. The nylom
mmn&mtm'ttmm,mﬁdmmmm

w.mumm;mmmu,mhmmhmt.
I wore & flak suit o seversl ococasions, It restrists mevemsnt and
mtcdmucﬂ.nf-tum. '

-

‘---"-'-"-“-l‘-“w';::.tcs‘.i-.'s -.-;4%. {'aa'fiﬁiuu-p-";"" Ipe)
Iintenanm ﬂﬂhﬁm&rmwhmﬁm

I alxso wore one, The vest was a little tight, I like the xylom cme -
better than the plates, &s it did not interfers with movemsnt.

I used & flsk vest out up, under the seat and on the seat baok,
2, Protootive #1014 expedients that wsed other matorialss ‘

S
v

Iuatmnuu-phta.

Ias-dﬁdrcu-paf‘mmtwtaflﬂucuw
...mpuhm "andenﬂum
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I 822 & PIs9s 6F .SHi STRRY WSAIIC USI 835%.

Ba 3pod ppmces wrbisy e ds hedtem of dhe Avrrofe mmd
O, W GIERTH e BN MAERTRL D Reb; W9 We Gasmcv Jihel ewv ai

zwhwemum@mamm }

s w&#ﬂ-ﬂ"” A S =5t sl 4 Teas,
Y

5 Moo of Yhe disld frem s 105 Rewilsnr wndes v smeaw,

—_— A r————i

“%mdmnwz;«:‘wa&-mt.

1 used 2 mall plsce &F srwer in the ssat.

I put a plate under the seaty 3/8% stecl.
Armor reguiressnts:

With the presmt xissiom there is ne requirsmwt fer body or

The pilame cheuld be armersd, =d = vest warm, tee,

Pmmtmnmuwn,mumhm

I would prefer bedy ews 46 awer e the atrereft.
*Wmteﬂdmﬁom ' _
xmnmmmmmmdutﬁ-amm
Iwuldntbchlnromimbtdlththmmﬂum

mumwmwm,mmmu
light armor for ths aireraft,

Cmti favmhlo 42 wearing an awmcred vu‘h
Yo wged flak suits in W I,

T 'wes wesrisg a Maine Jorps tgpe vest when I was hif aad had
e hail ewt,

Imh%ﬁﬂﬁcﬁawma“ﬁwn%

Iﬂcﬂﬁmﬁw,um“*ﬁ.m e ny- v
mmmmmm“'emmmmmm :
Wu (= dupiicats) , :

2h




- X were & flak veslh ia Koven s T weml Wq,é%ge%*'

. 1% tahey lase ﬁi@% %o arsor 133}:%1. z**‘*“—‘- A= a% %—i..—‘iﬁ.

CoreaEap s o
Tae fiak vest worm {. ﬂ—h‘k fo“ ..h 'M'I-b maﬁs‘—s’ P ey

== e

Patri*ﬁ%@%;.ar%ﬁﬁ@ - S e e

! T e envuld beogwmered, i Sghem lwmee weigs id & o6 s
; ﬁ,t@ﬁﬁdgxﬂﬁﬁ%ﬁ:ﬁ"“ﬁ‘ﬁﬂﬁ%m
I wemid :r:r‘-":““ iT 3% ws avalielde. -
5. Cﬁiﬁtum wnfavorabls ta wearimg am armered woeb. - -
I used an Army flak vest, it wes %ca heavy.
The Adr Cerps flak vest is wmeomfortable., .
J. eccasionally were & vest, it wes hot amd resiricted wevemmt,
: incovvenient.
. Imdnoldfhkmttoutu. I would mot wear a flak sulf.
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(dwplicate) -
! I de mot desire to wear bedy armwsr.
“ X dn't want hody n‘r
A vest would incnu- fakigue.
; ...,Imummtonuvemoemim itmrlctam
g C ment and created excessive fatigue. (duplicate)
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§ ' s uni‘éuiii-u aboal {iyimg clviiing.
§7 i Aray aviators mesd a cold weabher sail. .
! ] mn-am.mr«-umuwnmng-um
§ Mhumﬁrﬂfermaﬂmnﬂm.
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' There 13 & definite requirement for cold westher flyimg clsihing.
i i Preseat wister flying suits are oo heavy aad Léw Larm.
i
) . A lightueishh flyimg suit ie required.
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Gezsral preulena weniisning speciffec iless of equipment
| Toe thermal beeh ia mmpatiefestery fer flyims? T

“Ne aFe wSing Ravy belmsts mev and ew lomg flighte we tiks than
eif. : ! oo :

Kesv airerafs sedabe sre wmeomiortebls.
Ssata mesd to be W19 esafertabls.
Thare 1s Bot ewough [eel Im the insulatved boet 7er flyiag.
I used the K-1 helmet fer flyimg—unsatisfactery.

Gereral probles srasas.
A friend was shet dewa and crashed; Shere was 2 fire.

In designing helmets cemsider comversatica between plict amd
YiPte, .

Baguirc shealdar harsess im eall Ay airora’s.

I would rather f£1y 10 fixed wing missions that 1 rotary wing
missien in combat.

I fesl that the cold is definitely a problem.
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